A detailed study of the cultural characteristics and cellular fatty acid composition of 27 isolates of Corynebacterium acnes was performed to establish the properties by which this organism may be identified and characterized. The fatty acids were extracted directly from whole cells and examined as methyl esters by gas-liquid chromatography. Each strain possessed a similar fatty acid profile which was characterized by a large percentage of C15 branched-chain acid. Uniformity in certain biochemical reactions and cultural characteristics was also observed. All strains were catalase-positive, nonmotile, and urease-negative, reduced nitrate, liquefied gelatin, failed to hydrolyze esculin and starch, and gave a positive methyl red test. Glucose, fructose, and glycerol were fermented, but not lactose, salicin, sucrose, maltose, xylose, or arabinose. Production of hydrogen sulfide and indole, fermentation of mannitol, and hemolytic activity were variable characteristics. Two species of the genus Propionibacterium were also tested and found to be similar to C. acnes both in cultural characteristics and fatty acid composition. The results strengthen previous suggestions that C. Propionibacterium.
Corynebacterium acnes is a member of a large group of poorly characterized anaerobic, grampositive, nonsporeforming bacteria which are frequently referred to as "anaerobic diphtheroids." Although certain members of this group are considered to be the predominant normal bacterial flora of skin and mucous membranes of man and are frequently associated with mixed infections (11) , relatively few studies have been made to determine their possible role as etiological agents in human infections. This is due, in part, to the present confusion in classification and assigment of appropriate taxonomic positions to members of this group. The American Society for Microbiology's subcommittee on Lactobacillaceae has tentatively recommended that the genera Eubacterium, Catenabacterium, Ramibacterium, and Cillobacterium be removed from Lactobacillaceae and placed in Propionibacteriaceae, and that anaerobic species of Corynebacterium be placed in the genus Propionibacterium (see ASM News, p. 29-30, August 1966).
We have recently initiated studies to investigate in detail members of the "anaerobic diphtheroids" in an effort to establish better guidelines for their identification. In addition to employing recognized cultural procedures, we are also evaluating the possible use of gas-liquid chromatography as a tool for identification purposes. This report describes the results obtained from a study of the cultural characteristics and cellular fatty acid composition of a number of C. acnes isolates. Since this species is considered to be closely related, if not identical, to members of the genus Propionibacterium (6, 9) , representative species of this genus were included for comparative studies.
MATERIALS AND METHODS
Microorganisms. The strains used in this study are listed in Table 1 . The 27 strains of C. acnes were isolated from a variety of clinical sources at diverse geographical locations and were identified by the Anaerobic Bacteriology Laboratory of the Bacterial Reference Unit, National Communicable Disease Center (NCDC). The Growth media and cultural procedures for fatty acid studies. Cultures for fatty acid studies were grown in thioglycolate medium (pH 7.4) which contained 1.7% Trypticase (BBL), 0.3% Phytone (BBL), 0.6% dextrose (Difco), 0.25% NaCl (Fisher), 0.05% Sodium Thioglycollate (Difco), 0.025% 1-cystine (Nutritional Biochemicals Corp., Cleveland, Ohio), and 0.01% Na2SO3 (Fisher Scientific Co., Pittsburgh, Pa.). The same lot of individual ingredients of this medium was available in bulk supply and was used throughout this study. Cell crops were produced by two successive transfers of cultures prior to final transfer into 250 ml of growth medium. Cultures were routinely incubated for 24 hr under conditions described above. The cells from the third transfer (250 ml of medium) were collected by centrifugation at 4 C and analyzed without washing. Preliminary studies indicated the presence of trace amounts of certain fatty acids in the growth medium but not in amounts sufficient to affect the results reported here. The procedures used for saponification of whole cells and for extraction and methylation of acidic components were those described earlier (10) . The methylated bacterial fatty acid samples were analyzed immediately or were stored at -20 C.
Gas-liquid chiromatography (GLC) antalysis. The methyl esters were analyzed by use of a Barber-Colman model 5000 gas chromatograph (Barber-Colman Company, Rockford, Ill.) equipped with a hydrogenflame ionization detector and a disc integrator recorder (Series 8000). Samples were analyzed with both polar and nonpolar liquid phase coated supports in 6-ft (1.83-meter) U-tube glass columns. The polar phases were 12% ethylene-glycol adipate (EGA) on Chromosorb P (80/100 mesh) and 3% tetracyanoethylated pentaerythritol (TCEPE) on Aeropak 30 (80/100 mesh); nonpolar phase was 2% SE 30 methyl silicone rubber gum on Chromosorb P (80/100 mesh). The (Table  1) . Moreover, these two cultures were not distinguishable from C. acnes on the basis of colonial or microscopical morphology. The ATCC strain of P. freudenreichii (6207) was also similar to C. acnes except that it failed to liquefy gelatin and fermented arabinose after 7 days. P. shermanji (9614) differed from C. acnes by fermenting lactose but not fructose, and by its failure to hydrolyze gelatin and reduce nitrate.
Cellularfatty acids. Table 2 shows the principal fatty acid composition of the strains examined in this study. The single most abundant acid in each C. acnes strain was a C15-saturated branchedchain acid which was present in concentrations two to three times that of any other single acid. Generally, the next most abundant acid was palmitic, and this was followed by nearly equal amounts of pentadecanoic acid and a C17-saturated branched-chain acid. The normal saturated fatty acids (lauric, myristic, stearic, and arachidic) and unsaturated acids (palmitoleic and oleic) were generally of low and variable concentration. The three unidentified peaks (Table 2 ) were uniformly present in small amounts; the percentage contribution of each to the total fatty acids was no greater than 3%. The large percentage of C15 branched-chain acid was characteristic of each strain, but differences in the relative amounts of this acid among strains were observed. Most strains (18) contained 1694  1736  1750  1758  1759  1760  1784  1793  1794  1797  1807  1846  1850  1868  1887  1909  1921  1925  1928  1929  1934  1968  1978  2000  2016  2022  2025  6919 between 31 and 40% of this acid, but 5 strains contained between 24 and 30%, and 4 strains contained between 41 and 49%. In addition to similar cultural characteristics, the two ATCC strains of P. acnes were also similar to the C. acnes cultures in fatty acid composition (Table 2) . Like the C. acnes cultures, these two strains contained large percentages of C15 branched-chain acid. Data in Table 2 show that this acid was also present in large amounts in the ATCC strains of P. freudenreichii (6207) and P. shermanii (9614). We have tested a limited number of strains of other bacterial species which may be easily confused with C. acnes (i.e., one strain each of Actinomyces ericksonii, Ramibacterium pleuriticum, Catenabacteriumfilamentosum, Eubacterium tortuosum, and five strains of Lactobacillus bifidus) and have found only trace amounts of C15 branched-chain acid in these cultures (unpublished data).
Three of the C. acnes strains listed in Table 2 were selected at random and analyzed two or more times under identical experimental conditions to determine whether the fatty acid methyl ester profile produced by each strain was reproducible. In most instances, the profiles were practically identical to those observed in the initial experiment with only minor differences in relative size of certain peaks. The largest variation was in the level of C15 branched-chain acid. The degree of variation in this acid upon duplicate analysis was 7, 9, and 10 percentage points, respectively, for the three strains (Table 3) .
Several C. acnes strains were examined at various stages of growth (7, 24 , and 48 hr) to determine to what degree culture age affected fatty acid composition. The results with three strains showed minor differences in some of the acids at the three stages of growth, but there were no additional peaks in the young (7 hr) or old (48 hr) cultures compared to the 24-hr cultures.
Generally, the largest differences were between the 7-and 24-hr cultures; the young, actively growing culture (7 hr) usually contained slightly larger percentages of mono-unsaturated straightchain acids (C16:1 and C18:1). At each stage of growth, the single most abundant acid was the C15 branched-chain acid.
DIscUSSION
The strains of C. acnes used in this study were obtained from a variety of sources at diverse geographical locations. It seems likely, therefore, that the results are representative of other strains of this species distributed throughout the world. The uniformity in certain biochemical reactions and cultural characteristics exhibited by strains examined in this work are in general agreement with the results of an earlier study by Douglas and Gunter (6) , who examined 37 strains of this species. These workers observed only slight differences in cultural characteristics among their isolates obtained from various sources (skin, blood plasma, and cases of acne vulgaris) and concluded that the strains were closely related, if not identical. In a recent study, S. M. Puhvel (Bacteriol. Proc., p. 78, 1967) found no basic biochemical differences between strains of C. acnes isolated from normal skin and those isolated from lesions of acne. The 38 isolates she tested uniformly liquefied gelatin, produced catalase, hydrolyzed tributyrin, and fermented fructose, dextrose, glycerol, galactose, and trehalose. These results agree with our findings for those tests common to both studies, and indicate the feasibility of establishing a guide for the identification and characterization of this species.
The fatty acid composition of the C. acnes isolates provided a further indication of the apparent homogenity among strains of this species. All strains possessed similar fatty acid profiles which were characterized by a large percentage of a C15 branched-chain acid. The presence of large amounts of this acid may serve to augment present cultural procedures for identification of this species, since we have found (unpublished data) only trace amounts of this acid in other bacterial species which are often confused with C. acnes (bifidobacteria, Ramibacterium, Catenabacterium, Eubacterium). Many additional strains of each of these latter species must be examined for fatty acids to determine whether any contains more than trace amounts of the C15 branched-chain acid.
Previous studies have shown that C. acnes is closely related in many respects to members of the genus Propionibacterium. Douglas and Gunter (6) suggested that this species be placed in the genus Propionibacterium, as P. acnes, on the basis of the following: (i) morphological characteristics, (ii) ability to produce CO2, acetate, and propionate from fermentation of glucose, and (iii) preference for anaerobic conditions for growth. This suggestion was strengthened by the data of Moore and Cato (9) , who found that strains of C. acnes, like all propionibacteria, produce propionate from lactate if sufficient anaerobic conditions are maintained. Our results add support to these previous studies. The two strains of Propionibacterium which were tested were not only similar to C. acnes in cultural characteristics, but also showed essentially identical fatty acid profiles (Table 2) . Thus, it is apparent that the relationship of C. acnes to the genus Propionibacterium extends beyond previous criteria of morphological and cultural similarities to include common cellular constituents such as the fatty acids observed in this study.
Although branched-chain fatty acids are generally not found to any great extent in most microorganisms, there have been several reports of the occurrence of iso-and anteiso branchedchain fatty acids as major constituents of lipids of certain bacterial species (1, 2, 4, 8, 12, 13, 14) . Recently, Kaneda (7) found that more than 60% of the fatty acids produced by 22 strains of 10 species of the genus Bacillus were of the branched type. He noted further that two species had distinct fatty acid profiles, and suggested that detailed fatty acid distribution patterns may have taxonomic value in the identification of certain species. A previous report from our laboratory (10) and the results of the present study support this possibility. However, the possible taxonomic value of our finding of major amounts of C15 branched-chain fatty acid in C. acnes and the two species of Propionibacterium must necessarily be tentative until further studies are made with well-recognized species of each genus.
